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‘J@er.specipms. of,each+oy ~reniaintained.attheyqriOUE-el~~ted -
taeratqres:for‘1hopr,.ob&vatiozm,weremadeofthe”c~8~’$~c-
Imm “afthe@.loyat,thqelevdte&%~+~qkh .ustwa ,*i$q~7,.”1~
counter~-ray~ectrm-@rmodified-f&high.-tmperatwq.x-x&”@,?-
$ractioqS@dieS. Thee.l10y.,19q9W.*2til+ti“,tieatea$BeWm.@l@*-
fmu fmm,.a-$fo-pbasqndituieog”“b+cmteqedEL@.fac0~c0qt9re~..
cubicstmwturestoa single~pbaseoffade-cexrlkredcubic‘s%??uc*
between.14Q0°and1470°3?.*. tr~Om&iOp W5 cOmlet@-be*en
14500.allalyloo j ~. l?pq”other..nineallois”re=.nea*@@mpa*e
crmta.1structurermtoa-temperature.of”1.800~J?.. A whdj@??wl
.t&mal-Mlatation;-cteri&ticsokthe.aQoYsUPto~50°F ~6
ELL30made.noneoftheal.loys.~$noluaing19-9w-~$@~e& ~8con-
tmuitiesIntheir.d,i~tatiqn.wqye~t+atwereascribableto a P~Se
t~ansfomrtion.

● . . ....“: s... .. .,:“ ..>-. ‘: ~. %-..-..,. .. ...... :. ...... .“...;..: ....;;.. .. .“..&C&$T@””:”. :...;..; . -.:....- . . f..
‘” !&iie~i~i~cy&fgad+u2Sbines&“:beraisedby”increasiti*

‘ opqratipgtempera~eof the.WQrkingfl~+ .~en~..g= ~wbine~l
arej hovmver3maquire-dtoop?pte@zowoptimumI%mperature-s.bpcqme
ofMmitatiominelevatedJknpena*ep~sicalproperties.af’.tlii-
materials:fromwhich@e tpz%ineparim.am fabrica~ea....-.. .,“ ... . . .:m. -.“.. .,. .. . ‘m..,.. . . :.
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Thegas-turbtneWheel$-thebuckets;&d tliecombustion-chaaiber
linersarethemostfrequentsourcesoffailureinaircraftgas*-
bines.Ihcrea,sesiqoperaidngtemperaturesors,tressesaccelerate
therat6offliilureoccurring-in’thesecriticalpartsoftheturbine.

Thephysimlpropertiesofailoys.a~elevdxiitemperaturesare
depende@toa largeextent..upon thestabilityofthealloysatthese
temperatures.Ifth6pzWmaryphase.inthed.loyshoredundergoa “
changeintryst@structureforexample$-whenheatedtotheoperating
temperatureoftheXbinejsomemodificationinthephysicalprop-
ertiesofthealloywouldverylikelyoccurwithimmediate@5ec’t
uponthesermLcelifeofthealloyintheturbtne.

In‘mdertotietectthepossibleoccurrenceofphasechangesat
elevatedtemperaturesincer%ainheat-resistingSJJOYSSaninvesti-
$crMon-wastiabof”thecr@aJstructureateletitetltemperaturesand
atroomtemperatureof10*oughtalioyscurdentlytisedingastur-
binq~.we cr$stal.struc~e.atroomtemperatureofsomeofthe
~OYS ha beenpretiotisl$~etemibed(referenoel.?.DC& tiepre-.
sentedintJMQpaper‘@m.XTraydjffraotlonsthiliesof’thealloy
mystalstructuresandfromtherrpa.1.-dil.atatimistuM0i3ofthealloys.
Th6X:rayd&maction‘d&taweiw?‘obtainedwithapparatusbuiIt,espe-
ciallyforelevated,-te@eratureZ-raydi$fract.ionstidies;Aclm9wl-
edgezpezitism&letoDr.H.I&i,eomandtoMr;L.S.BirksM the-I
U.S,.I&alResearchlaboratory,AnacostiaStation>I?ashingtonsDmC.
fq!tieirsug@stioksconcerningtheatisignoftheap)aratus.,. ....

The10.alloys$Qvestiga&dwereS-816.S-5X3BkstelloyB, .
19-9IT-MO,IT.lm,16L~5-6;‘K742-B,mCOW.-X,

type 347dx+nlesssteel. . “
.,. . . . . ... APMRA!liJS.MD-PROCEDfJkE

SpecimensforboththeX-rayWWraction

ium&mc80#&& “..

. ,.

thermal-dilatationInvestigationwere,tskenfromroundbarstock.
TheX-rayspecimensmeasured1~ 1/2by1/8 i~ohandthedilatation
specimens>all~.inphesinlengthsr&@ from1/2%01 inchin
Mameter.“l?&~ chemical.coyposi%ionsof the20alloysarelisted

. in tableI. .. .,, .,* ..- ,. . . .
X-raydifl?~ctionpatterneofthe10al.lgjs‘were..mileona .~

Geiger-counterX-rayspecimmeterusingFeI@ radiatim.me.

.
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spectrome&A-ti.smoatiiedqs“ehown”dn.TQure’1 toenableX-ray.dif-
fractionstudies”ofspO@wmsat elevatedtemperaturesundernon-..
oxidizingooatllthns.~Ws’modificationwas”accomplishedby
replacingthes@eciiOeribolderthatwassuppliedwiththebpaclmm.
eterwiththeapparatusshowninfigure2. ..

!J?Qespecimen
berylliumoxide.
1800°F,a heater
couplewas “*laea
beani.-Theheater
conductiontothe

washeatedbya coil of tungstenwireembeddedin
In orderto’maintain.a specimentszuperatureof
inputof about370wattswasrequired.Athermo-
ontheFaceof the”spectibnjust‘belowthe‘X-ray
wassu~ortedbya ceramiomd tominimize&at .
baseofthechamber.ThelowerepdofthesuP-

portingrodwascontainkd$’na c&&erq flangethatenabledthe .
specimeptobece@6r@aog~%e~ in-theX-rayWazu’andwith ‘ .
respecttotheGeigercounter.Thespecimnwassurroundedbytwo
radiationshields;theonenearertheeppcimenwasnickelfoi~and
tieouters~eldaluminumfoil. The.th&mocouplewires andthe
ele@riceJ,Ieadstotheheaterpassedthroughthebaseof.thp
chauiberjwhichtiswater-coded. The waIL ofthechamberc~tains..
twowindowsof’OoOIO-inchcd.m.il.oidfo passageoftheX-W Wm.

4Thechamberwasevacuated‘@aboutM millimetierqofmercuryby- ‘
an oil diffusionpumQattaohedbya 31-inchflexiblemetalI&e to

f
*he-outletabovethewidows. Vac~umti@tj. i@m@able joints
betweentheWS.XIandthe-topandthebaseOFthechamberwere .”.
effectedby theuse of l/16-inchsyntheticrubbergaskets.z .

. .
DiffmctiohPatkerpswereobtainedwiththe“6eige;counter

-.....J

movingatsucha ratethat~, theglancingan@eoftheX-ray “-
beam3changedata“rateof0.5°perminute.+.Theoutput.of.the . ~
$etgertubewasautqnaticallyrecordedasa funotionof,f3..X-ray.
diffractionpatternsofthe10-qllQysWre obtainedforVc+l.ueq
of 26 .between.theanglesof10°and@o .at.temperaturesof70°,“
12000,l~oo, ~a 18000F.Thiermgeof@mpera@reaincludes.
thewrmaloperat~temperaturesoftbeqriti~partsofc~eat
gasturbines.Beforethespecimenwasheatedja“room-tmperature
X-ray’diffractionpat@~ ofeachalloywasTecorded.Afterspeci-
mensofeachalloywerp.mainixdnedatthevaPiouselevatedtom-,
peraturesfor1 hour~:diffraptionpattemsworereoordedatthe -
elevatedtemperatures.Afterpermitting‘thespecimeps,tQ.COOl$
room-tempe~ture~tterns.wereagainrecorded.,
.
A ~ecordingW.atcmeter~th a ma&icat~oq.ratioof3.10-.

was-usedtoobtaindil.at@imomes”o$?thealloys.Thespec@xms
wereheatedat.a rateof”20°F.pertiguteW?~ 1000°F~”~dat.
. .. .,,. .. . .‘.. .. -. ..”

.

. .. ...—- --- .-— — —.-—....——.—. . .. —.- .-. —.-c .—. .-.. — —----- -. --—. — - - . . - --



4 l?ACATNNO.1488

5°1?perminuteabovethattemperature.Severaldilatationcyrves
of eachalloywere-mule.The&edataweredbtainedtosupplement
theX-raydataintheeventthatanyofthealloyswere,.su~jectto
aphaseda.nge’thatWOtiaproduce-~aisccntinuity.in itsthermal-
eqxmsioncurve. ,.. . ..

RESULTSANDDISCUSS’IOJJ‘-. . . . .
Theinterplanar~cihgvalu&ofthediffractedlinesobtained

fraut@eprimaryeoliasolutionof”~challoy”arelistedintableII
foreachtemperatureinvestigate.Wii&.FeX@“raaiation~reflec-
~io~fromonly%he(Ill)end(200)planesoftheface-cmterea-
cuhicprimary80uasolution@ thealloysfaliInther~e of &
from100to 800, ‘ ..-.. . .

Allalloys”sh&eda shiftinthq@e& of’diff&acte&lines
because@ normalthermale@ansionofthe.c~stallattice.ALthough
thespectromeijeriswM3uitedfor accuratemea&mmemtoflattzce
parameters,itcoul.abereadi~&eter@.ne&thatat1800°Fthe
latticeof’eachalloyhadexpandeaabout2percentoveri%s,room-
tempera~e-value.

. .

Oneof the@loysj19-9W-MO,shcweda changein its crystal
structureat a temperaturebetween’12000andlmO,F. At 70°ana
1200°Fthedoy showeda line frcqthe (110)planesof a body-
cente~eacubicphaseinarlditiaqtolinesfromthe(lXl)&Xl(200)
planesof a face-centereiicubtcphase,Theintensityofthe(110)
linewasaboutone-fifththat.ofthe(1.11).line,.At1500°and .
1800°FM.ffraction.linesfromonlytheface-centereacubicphase.
appearea.-Aninvestigationwasthennule.ofthecrystalstructure
ofthealloyatX“ intervalsbetween1200°andlJjOOol?,When .
heatea,theh-phasestructure~e~ to@ansformtoa one.phase
stirudmrebetweenlkOOOand1450°F, Thetransf’omationwas
completedbetweenl@o E@ l~” F. . .

Withtheexceptionofthea130y”’3.9T9W-M6)allthealloys
investigatedmaintainedaface-centere~cubicstruotumefter
1 hourattemperaturesup.to1800°F,probablybecauqeofthehl@
nickelcontent.Nickel,aface-centereaoubicmetal,stron~
stabilizestheface-centereacubicgammap@seiniron andthe
face-centered.cubicbetdphaseh cobalt(reference2). \

Thealloy
withanexces~
c@umbium3‘-a

. . .
-- .—

19-9w-l&nomi~ containsonly0.1percentcarbon
&Fthecerbid.e-formingelementstun&ten,mol@denumj
titanium.Anyexcessofthesefourelementsafter

.

., ——- ----
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carbidefomationwill tendto stabilizethebody-centeredcubic
alphaphaseiniron.Becausethealphaphaseispresentin detect-
ableamountsinthealloyat1450°F andlower,thenickel content
apparently~sinsufficient-&3counteracttheeffectoftheexcess
cwbide-fomuipgelements.

A ty@caldtlatattoncurveforeachal,loyisshowninfigure3..
Noneofthe10alloysshowedad$mxrbinuityin%hemale-ion
attemperaturesupto2Z500F,the@Qh~sttemperatureinvestigated.
Itigofiwter&*$ thbphasechangeoccurringtame alloy
Z9-9W-MoMdnQtnot$ceab3yafTectits dilatationcharacteristics.

. .

sumARYclFREqms .
-.

me fol.lowingrestitswerenoted-in aninvestiga’tionofthe”
crystalstructureat70Q$12000J~&Oo,and1800°F ofthe10
wrm@t heat-resistingalloyss-816,S+w, HastelloyB, 19-9W-MO*
IT-155,16-25-6,K-42-B?InconelX, IJimonic80’,andtype347stain-
less steel:.

“1.Thealloy39-9W-Mowhenhea.tedbegantotransfcmfroma
two-phas?mixtureofbody-centeyed.mtlface-centeredcub~c
simucturesto’ssinglephaseofface-qenteredmbitcrystalstruc-
turebetween1400°ana145001?.Thetrenqformationwasc.qleted
betweenl!+50°andl~° F.

.-
2.Theotherninealloysinvestigatedretainedtheirroom-

temperaturecrystal.structureateachtemperaturestid2ed.

3. !lhe~-dilatation ourvesof all thealloysinvestigated
showednodiscontinuitiesin thezmaleg$on at temperaturesup
to2150°F. s -

.

FlightPropulsicmRes~chZabora%ory,
NationalAdvisoryCa?mitteeforAeromuticsj

Cleveland,Ohio,August~2,1947.

REE’JmmCES

ltlttel~J.Howard:me &ystelStructureatRoomTkmperaturbof
EightForgedHeat-ResistingJU.loys.NACATNNo.110231%.

B&men,Max:DerAufbauaerZweWl@fle@erungen.Julius
spri&er (Berlin),1936,PP.697,4%.- -
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TABIEII- SPACINGSCIF(ill) Am (200)IaAIQEscm’10WRUUG3T
EEAT-RESISTINGAXL03?SATELEVATED~LIXEiES

3M.perature#?l?
Alloy 70 I 1200I1500{y300

~terp- spac~, d~ ~
s-&i6 2,03 2.04 2.05 2.06

1.76 1*78 1“.79 1.79
S-590 2.ok 2,05 2.06 2.07

1.77 1.79 1.79 1.80
HastelloyB 2.o4 2.06 2,07 2.09

‘ 1,78 1,79 1.80 1.81
X9-9W-MO-2,06 2.07 2.07 2.08

2.o!& 2.022.----- --~-.-.
1.78 1.80 1.80 1.82

n~155 2.06 2.07 2.07 2.09
3..79 3.80 1*8O 1.82

16-25-6 “2.07 2.09 2.10 2.10
1.80 1*8I- 1.82 1.83

K-42-B Q.05 2.06 2.07
1.78 1.79 1.79 I %

X?loonelx 2.03 2.04 2.05 2.06~
1.76 .1.78 1.78 1.79

E1.?nonic80 2.05 2eo~ 2.06 2.07
1.77 1*”F 1.79 1.80

me 347 2,06 2.07 2.08 2.10
sta.inlem1.78 1.80 1.80 1.82
steel .

alixterplmarspacingfor(110)plane
froma body-centered.cubicphasethat
doesnotex$stinthealloyatthe
twoIx@hertemperatures.

l’?ationalAdvisory(%mittee
fOFAeronautic

.
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Figure 1. - High-temperature X:ray diffraction apparatus.
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Figure z - Sectionai view of specimen heating chamber.
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